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CCaattaallyyttiicc  UUppggrraaddiinngg  RReevviieeww  PPaanneell

NNaammee AAffffiilliiaattiioonn PPrreevviioouuss  PPeeeerr  RReevviieeww  
EExxppeerriieennccee

Dr. Jesse Bond Syracuse University 2019 Panel
Dr. Terry Mazanec Independent Consultant 

(prior Velocys, BP)
New This Year

Dr. Cory Phillips Phillips 66 2019 Panel
Dr. Jeffrey Scheibel Independent Consultant 

(prior Procter & Gamble)
2017 Panel and 2019  
BC and PABP Panels

Dr. Qing Shao University of Kentucky New This Year
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CCoonnvveerrssiioonn  PPrrooggrraamm  -- CCaattaallyyttiicc  UUppggrraaddiinngg  TTeeaamm

Kevin Craig 
Conversion R&D 

Program Manager

Nichole Fitzgerald - Feedstocks 
Technologies Program Manager

G. Jeremy Leong
*no longer BETO

Trevor Smith         
Technology Manager

Sonia Hammache 
Technology Manager

Thank you to 
former team 
members!

Jesse Glover
Session Cooridinator, 

Project Support

Andrea Bailey - A&S 
Technology Manager

Ben Simon
Project Support
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CCoonnvveerrssiioonn  RR&&DD  PPrrooggrraamm  –– GGooaallss,,  AApppprrooaacchh,,  TTaarrggeettss
• Conversion R&D Goal: Develop efficient and economical technologies to convert biomass and waste 

feedstocks into energy-dense liquid transportation fuels, bioproducts, chemical intermediates, and 
biopower

• Conversion Approach: Exploring a variety of conversion technologies that can be combined into pathways 
from feedstocks to products

• Performance Target: By 2021, complete the research necessary to enable an integrated technology 
pathway verification at engineering scale in 2022 of a process that yields a mature modeled MFSP of 
$3/GGE or less for production of a hydrocarbon biofuel/coproduct, with a minimum 60% reduction in GHG 
emissions relative to currently predominant fuel.
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CCaattaallyyttiicc  UUppggrraaddiinngg  –– KKeeyy  CChhaalllleennggeess  aanndd  RR&&DD  NNeeeeddss

• Achieving R&D goals within pathways utilizing catalytic technologies will require:
– Decreasing the time and cost to develop novel, industrially relevant catalysts
– Increasing yields from catalytic processes
– Improving catalyst lifetimes
– Reducing risks associated with process scale up
– Leveraging a multiscale computational framework to accelerate technology 

development
– Analytical methods development
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CCaattaallyyttiicc  TTeecchhnnoollooggyy  AArreeaa  –– AAggeennddaa  OOvveerrvviieeww  

• Annual Operating Plan (AOP) Projects
– Annual cycle for targeted proposals from our National Lab partners
– Only National Labs can compete for this funding
– ALL Chemical Catalysis for Bioenergy (ChemCatBio) consortium presentations fall under the AOP 

category

• Funding Opportunity Announcements (FOA) Projects
– Topic-specific proposals from external applicants to support advancement of BETO goals
– Typically, open to all (industry, academia, national labs*)
– Required minimum recipient provided cost share

Time Topic

Tuesday High temperature Catalytic Upgrading

Wednesday Low temperature Catalytic Upgrading, Electro-catalytic 
upgrading, Enabling Technologies

Thursday Morning Enabling Technologies

Thursday Afternoon Directed Funding Awards (DFA)

Friday Funding Opportunity Announcements (FOA) Projects
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• Presidential initiative from 
2011- Materials Genome 
Initiative (MGI)

• Addresses concerns that “the 
time it takes to move a newly 
discovered advanced material 
from the laboratory to the 
commercial market-place 
remains far too long.”

• Areas include Materials for 
National Security, Materials 
for Human Health and 
Welfare, Materials for Clean 
Energy Systems, etc.

HHiissttoorriiccaall  CCoonntteexxtt  ffoorr  aann  EEnneerrggyy  MMaatteerriiaallss  NNeettwwoorrkk
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MGI - Framework

New Material Innovations for Clean Energy 2X Faster and 2X Cheaper

Predictive 
Simulation 

Across Scales

Synthesis & 
Characterization

Rapid    
Screening

End Use 
Performance

Process 
Scalability

Process    
Control

Real-time 
Characterization

Reliability 
Validation

DDaattaa  MMaannaaggeemmeenntt  &&  IInnffoorrmmaattiiccss

Coordinated resource network with a suite of 
capabilities for advanced materials R&D

22001166::  EEEERREE  ddeevveellooppss  EEMMNN  iinn  rreessppoonnssee  ttoo  MMGGII
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MMeerrggiinngg  RReessppoonnsseess  aatt  DDiiffffeerreenntt  LLeevveellss  CCrreeaatteedd  CChheemmCCaattBBiioo

2011: Materials 
Genome Initiative

2016: EERE 
develops EMN

FY17: Catalyst Working 
Group becomes 
ChemCatBio in response 
to EMN

Pre-2015:
Individual 
Project/Pathway 
R&D

Mid FY15: 
BETO Peer 
Review Late FY15: 

BETO Develops  Catalyst 
Working Group from Lab 
Projects (AOPs)

Mid FY17: BETO 
Peer Review

Late FY17/FY18: 
ChemCatBio
forms IAB and 
announces 
Industry 
partnerships

“An industry advisory board 
is critical for such a group 

and needs to be set up 
ASAP.” 

“…even better by involving 
industrial partners in the 
guidance of future work.”

 e 

“BETO should establish an 
‘Experimental Catalysis Consortium’…”
“…no coordination among performers 
and there appears to be some overlap

 FY15: e F  

FY19 BETO 
Peer Review: 
updated core 
projects for 
additional 
collaboration 
and support 
within CCB

“Continued support 
from BETO is critical to 

ensuring continued
development of 

technologies that 
have long-term 

promise but face a 
presently unfavorable 
investment climate.”
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FFaasstt FFoorrwwaarrdd  ttoo  22002211  –– CChheemmCCaattBBiioo 22001199

• CCoonnssoorrttiiuumm  CCoonnttiinnuueess  ttoo  EEvvoollvvee
– Reorganized Catalytic Technologies based on peer review and industry feedback
– Improved Coordination; joint milestones between technologies and enabling projects
– Expanded collaborations with other BETO consortia (FCIC, Separations, Co-Optima)

• FFooccuuss  oonn  IInndduussttrryy  RReellaattiioonnsshhiippss
• Industry Advisory Board (IAB) interactions
• Launched additional Directed Funding Opportunities
• Continued outreach to encourage partnerships

• www.chemcatbio.org, webinar series, newsletter, ACS sessions
• UUppccoommiinngg  DDeecciissiioonnss  ((22002211--22002222))

– New ideas based on industry feedback
– Critical decisions related to research targets
– Welcome feedback on future directions



12U.S. DEPARTMENT OF ENERGY       OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY Bioenergy Technologies Office  |

CChheemmCCaattBBiioo PPrroojjeeccttss  –– FFYY2211  

12

Integrated and collaborative portfolio of catalytic technologies and enabling capabilities
Catalytic Technologies Enabling Capabilities Industry Partnerships (Phase 

II Directed Funding)

Consortium for Computational 
Physics and Chemistry

(ORNL, NREL, PNNL, ANL, NETL)

g p

Consortium for Computational 

Advanced Catalyst Synthesis and 
Characterization

(NREL, ANL, ORNL)

(ORNL, NREL, PNNL, ANL, NETL)
Catalyst Deactivation Mitigation 

for Biomass Conversion
(PNNL)

Catalytic Fast Pyrolysis
(NREL, PNNL)

y  g

Catalytic Upgrading of Biochemical 
Intermediates

(NREL, PNNL, ORNL, LANL)

( , )
Electrocatalytic CO2 Utilization

(NREL, will present not scored here)

  g)

Opus12 (NREL)p  ( )
Visolis (PNNL)( )
Sironix (LANL)

ChemCatBio Lead Team Support (NREL)emCat io ead Team Support (NR
ChemCatBio DataHUB (NREL)

Cross-Cutting Support

( , , , )
Upgrading of C1 Building Blocks 

(NREL)

Catalytic Fast Pyrolysis

Upgrading of C2 Intermediates 
(PNNL, ORNL)

CCPC led Directed Funding: 
3 new industry partnerships 

starting in early 2021
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• Analytical Development and Standardization for Biomass-Derived 
Thermochemical Liquids (NREL, PNNL, ORNL)
– Enabling projects supporting industry needs

• Enabling Complex Feedstock for Biopower Combustion and 
Autothermal Pyrolysis (ORNL, NREL, NETL, with industry partners)
– FY18 lab call to address Congressional budgetary language for “early-stage 

research and development projects to develop innovations in the use of biomass, 
municipally-derived biosolids, and sorted municipal solid waste ttoo  iimmpprroovvee  tthhee  
eeccoonnoommiicc  ppootteennttiiaall  ooff  bbiiooppoowweerr  pprroodduuccttiioonn  aanndd  uussee  iinn  tthhee  UUnniitteedd  SSttaatteess.“
• Topic Area 2: Modifications to Consortium for Computational Physics and 

Chemistry (CCPC) Reactor Models

AAddddiittiioonnaall  CCoonnvveerrssiioonn  AAOOPP  PPrroojjeeccttss  
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• FY15 and FY17 Biomass Research and Development Initiative 
(BRDI) – OSU and UT
– Joint Effort between the USDA and DOE, funding supports the development of 

a biomass-based industry in the United States. Technical areas include: 
Feedstocks development, Biofuels and biobased products development, and 
Biofuels development analysis.

• FY18 BioEnergy Engineering for Products Synthesis (BEEPS) - USF 
and NCSU
– Better utilization of waste streams (e.g. lignin, CO2, and biosolids), improving 

organic and inorganic catalysts to increase conversion efficiency and decrease 
costs for lignocellulosic biomass conversion, and creating high-value 
performance-advantaged bioproducts that can improve viability of fuel 
production from biomass and waste feedstocks. 

– Topic Area 1 - ChemCatBio collaborations aimed at tackling fundamental 
challenges in catalysis - catalyst characterization, catalyst development and 
R&D for producing engineering-relevant/technical catalysts. CCB National 
Laboratory partner required.

– Topic Area 2 - Novel alternatives to anaerobic digestion that have the potential 
to compete economically with feeds of one dry ton/day or less. Alternatives 
with potential for direct production of higher value products from wet waste 
feedstocks.

PPrroojjeeccttss  ffrroomm  FFuunnddiinngg  OOppppoorrttuunniittyy  AAnnnnoouunncceemmeennttss
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BBuuddggeett  BBrreeaakkddoowwnn  –– CCaattaallyyttiicc  UUppggrraaddiinngg

TTyyppee FFYY2200  -- FFYY2222

ChemCatBio AOPs $34.78MM

ChemCatBio Industry DFAs (Phase I and II): $3.93MM

FOA Projects (all Pre-FY20): $7.21MM

TOTAL Session $45.92MM

FOA Project breakdown: 
• Ohio State University: $1.5MM
• University of South Florida: $1.84MM 

($600K to NREL) 
• University of Tennessee: $1.4MM
• North Carolina State University: $2.47MM 

($1.225MM to NREL)
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CCaattaallyyttiicc  UUppggrraaddiinngg  -- RReecceenntt  SSuucccceesssseess

• 3 ChemCatBio technologies licensed by industry
– Ethanol to jet fuel
– Dimethyl ether to high-octane gasoline
– Atomic Layer Deposition

• Industry leveraging unique capabilities (CCB, CCPC DFAs)
– R&D100 Special Recognition in Green Tech (Sironix)
– New industry partners Catalyxx, Pyran and Forest Concepts leveraging modeling for scale up 

plans
• Accelerating catalyst-process development cycle through publicly available tools:

– The CatCostTM Tool continues to expand, showing high utilization rates by researchers 
https://catcost.chemcatbio.org/

– Data Hub project released the Catalyst Property Database: A centralized, searchable 
compilation of published density functional theory adsorption data: 
https://cpd.chemcatbio.org/

• Expanded research pathways with waste feedstocks and new co-products (FOA projects)
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• Presentations are pre-recorded, Q&A will be live
• Agenda time slots include Q&A
• Reviewers will kickoff Q&A sessions (unmute yourselves, turn video on)
• Additional questions from audience if time permits
– Audience should submit questions in the ‘Chat’ feature, moderators 

will manage as time permits
• 10 min breaks, 30 min lunch
• Please keep yourself muted and your video off unless you are speaking

• Presentations and report to be posted by DOE later, please check back 
often: https://www.energy.gov/eere/bioenergy/2021-project-peer-
review

HHoouusseekkeeeeppiinngg  -- RReevviieeww  PPrroocceessss
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• Project Overview - provides context and history
– Some Catalytic Technologies within CCB will present additional 

Techno-Economic Analyses info for additional context
• Review Criteria Sections (equal weighting)
– Management
– Approach
– Impact
– Progress and Outcomes

• Summary
• Additional Support Slides (list of publications, patents, etc.)

PPrreesseennttaattiioonnss  aanndd  RReevviieeww  SSttrruuccttuurree
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DDeettaaiilleedd  CCaattaallyyttiicc  UUppggrraaddiinngg  AAggeennddaa
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BBiiooeenneerrggyy  TTeecchhnnoollooggiieess  OOffffiiccee  22002211  PPeeeerr  RReevviieeww
CCaattaallyyttiicc  UUppggrraaddiinngg  SSeessssiioonn

Trevor Smith and Sonia Hammache, March 9 – March 12, 2021
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• Presentations are pre-recorded, Q&A will be live
• Agenda time slots include Q&A
• Reviewers will kickoff Q&A sessions (unmute yourselves, turn video on)
• Additional questions from audience if time permits
– Audience should submit questions in the ‘Chat’ feature, moderators 

will manage as time permits
• 10 min breaks, 30 min lunch
• Please keep yourself muted and your video off unless you are speaking

• Presentations and report to be posted by DOE later, please check back 
often: https://www.energy.gov/eere/bioenergy/2021-project-peer-
review

HHoouusseekkeeeeppiinngg  -- RReemmiinnddeerrss
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DDeettaaiilleedd  CCaattaallyyttiicc  UUppggrraaddiinngg  AAggeennddaa  -- DDaayy  33

WEDNESDAY,
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BBiiooeenneerrggyy  TTeecchhnnoollooggiieess  OOffffiiccee  22002211  PPeeeerr  RReevviieeww
CCaattaallyyttiicc  UUppggrraaddiinngg  SSeessssiioonn

Trevor Smith and Sonia Hammache, March 9 – March 12, 2021
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• Presentations are pre-recorded, Q&A will be live
• Agenda time slots include Q&A
• Reviewers will kickoff Q&A sessions (unmute yourselves, turn video on)
• Additional questions from audience if time permits
– Audience should submit questions in the ‘Chat’ feature, moderators 

will manage as time permits
• 10 min breaks, 30 min lunch
• Please keep yourself muted and your video off unless you are speaking

• Presentations and report to be posted by DOE later, please check back 
often: https://www.energy.gov/eere/bioenergy/2021-project-peer-
review

HHoouusseekkeeeeppiinngg  -- RReevviieeww  PPrroocceessss
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DDeettaaiilleedd  CCaattaallyyttiicc  UUppggrraaddiinngg  AAggeennddaa  -- DDaayy  44
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DDiirreecctteedd  FFuunnddiinngg  AAwwaarrddss  ((DDFFAA))  -- CCRRAADDAA  PPaarrttnneerrsshhiippss

CCoommppaannyy Labs CCCCBB  CCaappaabbiilliittiieess PPrroodduucctt
GEVO (mixed oxide) NREL, 

ANL, 
ORNL

Characterization C3-C4 olefins

Vertimass NREL, 
ANL, 
ORNL

Characterization Hydrocarbon 
fuels

Lanzatech (Terephthalic
Acid) PNNL

Synthesis,
Characterization, 
Evaluation, Modeling

Terephtalic
acid

GEVO (Tactical Aviation 
Fuels) LANL

Synthesis,
Characterization, 
Evaluation, Modeling

Cyclobutanes

ALD Nanosolutions and 
JM NREL

Synthesis,
Characterization, 
Evaluation, Modeling

Hydrocarbons

Lanzatech (Fuel 
Fractions) PNNL Evaluation, Modeling Jet fuel

Visolis NREL Synthesis, Evaluation Diols

Opus-12 NREL
Synthesis,
Characterization, 
Evaluation

Alcohols

Sironix LANL
Synthesis,
Characterization, 
Evaluation, Modeling

Oleo-furan 
surfactants 

PPhhaassee  II  –– LLaattee  FFYY1188--22002200

Phase II - FY20
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DDiirreecctteedd  FFuunnddiinngg  AAwwaarrddss PPhhaassee  11 PPhhaassee  22

Visolis and PNNL:
Low Pressure Hydrogenolysis Catalysts 
for Bioproduct Upgrading 

• Catalyst identification and 
optimization

• Catalyst stability 100 hrs.

• Catalyst impurity tolerance
• Extruded catalyst stability 500 hrs.

Sironix and LANL:
Catalytic Process Intensification of
Bio-Renewable Surfactants Platform

• Selective reduction & furan 
coupling catalysts

• Optimize catalyst for scale up

• Alternative coupling catalysts for 
new tail options

• Develop and test catalysts for 
furan-tail coupling approaches

Opus 12 and NREL: 
Catalyst Development for Selective 
Electrochemical Reduction of CO2 to 
High-value Chemical Precursors

• Cathode catalyst development
• Reactor integration and catalytic 

evaluation

• Scale up of cathode catalyst

DDiirreecctteedd  FFuunnddiinngg  AAwwaarrddss  ((DDFFAA))  -- CCRRAADDAA  PPaarrttnneerrsshhiippss::  PPhhaassee  22
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• Enabling Complex Feedstock for Biopower Combustion and 
Autothermal Pyrolysis (ORNL, NREL, NETL, with industry partners)
– FY18 lab call to address Congressional budgetary language for “early-stage 

research and development projects to develop innovations in the use of biomass, 
municipally-derived biosolids, and sorted municipal solid waste ttoo  iimmpprroovvee  tthhee  
eeccoonnoommiicc  ppootteennttiiaall  ooff  bbiiooppoowweerr  pprroodduuccttiioonn  aanndd  uussee  iinn  tthhee  UUnniitteedd  SSttaatteess.“
• Topic Area 2: Modifications to Consortium for Computational Physics and 

Chemistry (CCPC) Reactor Models

• Project began in mid 2019 (poster review at 2019 BETO Peer Review)

AAddddiittiioonnaall  CCoonnvveerrssiioonn  AAOOPP  PPrroojjeecctt  
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BBiiooeenneerrggyy  TTeecchhnnoollooggiieess  OOffffiiccee  22002211  PPeeeerr  RReevviieeww
CCaattaallyyttiicc  UUppggrraaddiinngg  SSeessssiioonn

Trevor Smith and Sonia Hammache, March 9 – March 12, 2021
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• Presentations are pre-recorded, Q&A will be live
• Agenda time slots include Q&A
• Reviewers will kickoff Q&A sessions (unmute yourselves, turn video on)
• Additional questions from audience if time permits
– Audience should submit questions in the ‘Chat’ feature, moderators 

will manage as time permits
• 10 min breaks, 30 min lunch
• Please keep yourself muted and your video off unless you are speaking

• Presentations and report to be posted by DOE later, please check back 
often: https://www.energy.gov/eere/bioenergy/2021-project-peer-
review

HHoouusseekkeeeeppiinngg  -- RReevviieeww  PPrroocceessss
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DDeettaaiilleedd  CCaattaallyyttiicc  UUppggrraaddiinngg  AAggeennddaa  -- DDaayy  55
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• FY15 and FY17 Biomass Research and Development Initiative 
(BRDI) – OSU and UT
– Joint Effort between the USDA and DOE, funding supports the development of 

a biomass-based industry in the United States. Technical areas include: 
Feedstocks development, Biofuels and biobased products development, and 
Biofuels development analysis.

• FY18 BioEnergy Engineering for Products Synthesis (BEEPS) - USF 
and NCSU
– Better utilization of waste streams (e.g. lignin, CO2, and biosolids), improving 

organic and inorganic catalysts to increase conversion efficiency and decrease 
costs for lignocellulosic biomass conversion, and creating high-value 
performance-advantaged bioproducts that can improve viability of fuel 
production from biomass and waste feedstocks. 

– Topic Area 1 - ChemCatBio collaborations aimed at tackling fundamental 
challenges in catalysis - catalyst characterization, catalyst development and 
R&D for producing engineering-relevant/technical catalysts. CCB National 
Laboratory partner required.

– Topic Area 2 - Novel alternatives to anaerobic digestion that have the potential 
to compete economically with feeds of one dry ton/day or less. Alternatives 
with potential for direct production of higher value products from wet waste 
feedstocks.

PPrroojjeeccttss  ffrroomm  FFuunnddiinngg  OOppppoorrttuunniittyy  AAnnnnoouunncceemmeennttss



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Monitor Color)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice
device

92.000]
>> setpagedevice
ments true
  /ParseDSCCommentsForDocInfo true
  /ParseICCProfilesInComments true
  /PassThroughJPEGImages true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /sRGBProfile (sRGB IEC61966-2.1)
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


